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1. BESIII and BEPCII 



BESIII/BEPCII [|I|] is a major upgrade of the BESII experiment at the BEPC accelerator [|] for 
studies of hadron spectroscopy and T-charm physics. The analyses reported here use data samples 
of 226 X 10'' J/y events and 106 x 10'' xj/ events. 



2. Measurement of the Matrix Element for the Decay rj' ^ rfn^n 

Investigation of matrix elements for particle decays is of paramount importance for obtaining 
deeper insight into the dynamics of the processes and into the structure of particles. The hadronic 
decays of the t]' meson have been extremely valuable in studies devoted to chiral theory the 
effect of the gluon component [Q], and the possible nonet of light scalars 

The branching fraction of J/y ^ YV' is measured to be (4.82 it 0.03 (stat) it 0.25 (sys)) x 
10^^ 0) which is consistent with the PDG value [Q] within 1.5 a. The Dalitz plot distribution for 
the decay T]' r]K+K- is described by two variables: X = ^{T^+ - Tj,-), Y = ^ - 1, 

where Tjij^ denote the kinetic energies of mesons in the r\' rest frame and 2 = Tjj + Tj^+ + r^j- . The 
squared absolute value of the decay amplitude is expanded around the center of the corresponding 
Dalitz plot: = A(l +aY + bY^ +cX -\- dX^), where a,b,c and d are real parameters and A 
is a normalization factor. This parametrization is called the general decomposition. A second 
parametrization is the linear one: = A(| 1 + aY\^ +cX + dX^), where a is a complex parameter. 

Dalitz plot parameters are obtained by minimizing x^{N ,a,b,c^d) = 'J2iz^MiL_ Here 
the index / enumerates cells in Dalitz plot (empty cells outside the Dalitz plot boundaries are ex- 
cluded), N is normalization factor, a,b,c and d are the Dalitz plot parameters. The M, and D, are 
the numbers of (weighted) entries in the /-th bin of the two-dimensional histograms in the Dalitz 
variables for MC and for the background-subtracted data, respectively. The statistical error a in- 
cludes background subtraction and MC statistical errors. The MC histogram is obtained as follows: 
Mi = Y^jZii^ + ciYj + bYj + cXj + dXj), for the general decomposition parametrization, where the 
index j is over the generated events and Xj and Yj are the generated true values of Dalitz variables. 
Similarly for the hnear parametrization, M,- = jfjZi ( 1 1 + oCYj \ ^ + cXj + dXj). 

The fitted values of the parameters of the matrix element for the generalized and linear repre- 
sentations are: a = -0.047 ± 0.01 1 ± 0.003, ft = -0.069 ± 0.019 ± 0.009, c = +0.019 ± 0.01 1 ± 
0.003, J = -0.073 ±0.012±0.003, andRe(a) = -0.033 ±0.005 ±0.003, Im(a) =0.000±0.049± 
0.001, c = ±0.018 ±0.009 ±0.003, J = -0.059 ±0.012 ±0.004, respectively. Here the first errors 
are statistical, the second systematic. The fitted results are shown in Fig. |l[ 



3. Study of fl[|(980)-/o(980) mixing 

The study of a{](980) and /o(980) nature is one of the central topics in light hadron spec- 
troscopy. The mixing between aQ(980) and /o(980) is expected to shed light on the nature of 
these two resonances. Two kinds of mixing intensities ^af and ^fa for the <3q(980) — )• /o(980) 
and /o(980) ^ aO(980) transitions are expressed as §: = ^^^^/^tiy^^^.t^^S'^''^^ 
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Figure 1: Experimental distributions of the variable Y in various intervals of X with the fitting function 
(histogram) for the general decomposition parametrization. 



For the decay J/y^ <^'/o(980) 0a{](98O) ^ 0T] 71*', a simultaneous unbinned maximum 
likelihood fit to the rjn^ mass spectra recoiling against the (p signal and the ^ mass sideband 
is performed. The fit yields A^(/o — ?• aj]) = 25.8 ± 8.6 (stat) events for the mixing signal with a 
statistical significance of 3.4a. The ^{J/y^ 0/o(98O) — ^ 0aQ(98O) — ^ 01] tt") is measured to be 
(3.2 ±1.1 (stat)±0.8 (sys)) x 10"^ «5.1 x 10"^ at 90% C.L.). 

For the decay y' YXci — ^ 77r*'aQ(980) — > 77r°/o(980) — > yn^K^n^ , a simultaneous fit is 
performed to the 71+ 71^ invariant mass spectra in the Xd mass window and the Xd mass sideband. 
The fit yields N{dQ — )• /o) = 6.4 ± 3.2 (stat) events for the mixing signal with a statistical signifi- 
cance of 1.9a. The yXc\ 77r°ao(980) 77r°/o(980) — > 77r°7r+7r") is measured to be 
(2.7 ± 1.4(stat)±0.7(sys)) x lO"'' « 5.9 x 10"^ at 90% C.L.). 

The mixing intensity for the /()(980) — )• aQ(980) transition is calculated to he ^fa = 0.6 ± 
0.2 (stat) ±0.2 (sys)%. The mixing intensity ^af for the ao(980) /o(980) transition is calculated 
to be ^af = 0.3 ± 0.2 (stat) ± 0. 1 (sys)%. 



4. Observation of three resonances inJ/Y^j'n'^^^ 

The X(1835) is observed in the //i/A — > yrj'K^n^ with a statistical significance of 7.7 a by the 
BESII experiment. The possible interpretations of the X(1835) include a pp bound state, a glueball 
and a radial excitation of rj' meson, etc. A high statistical data sample collected with the BESIII 
provides an opportunity to confirm the existence of the X(1835) and look for possible related states 
that decay to 71+71^17'. 

The rj'Ti^n^ invariant mass spectrum for the combined two rj' decay, rj' — )• T]7r+7r^ and 
rj' — )• 7p, is presented in Fig. |2[ Two new resonances, the X(2120) and the X(2370), are ob- 
served with statistical significances larger than 7.2a and 6.4a, respectively. The masses and widths 
are measured to be M = 1836.5 ± 3.0+|f MeV/c^ and T = 190 ± 9^^^ MeV/c^ for the X(1835), 
M = 2122.4 ± 6.7+1' MeV/c^ and T = 83 ± 16l^j MeV/c^ for the X(2120), M = 2376.3 ± 8.7+^ j 
MeV/c^ and F = 83 ± llf^ MeV/c^ for the X(2370), respectively. The product branching frac- 
tion is .^{J/y 7X(I835))=:^(Z(1835) ^ k+k-J]') = (2.71 ±0.09 (stat);^^^ (syst)) x 10"^ 



3 



Recent results from BESIII 



Chengping Shen 



and the corresponding angular distribution of the radiative photon is consistent with a pseudoscalar 
assignment for the X(1835). The mass of the X(1835) is consistent with the BESII resuU, but the 
width is significantly larger 




Figure 2: The r]'n^n^ invariant mass distribution for the selected events from the two T]' decay modes. 
The dash-dot line is contributions of non-T]' events and the rj'n'^n^n'^ background and the dash line is the 
total background contribution. 



5. Evidence for decays into y^^ and yrj 

The study of vector charmonium radiative decay to a pseudoscalar meson P = {n^, J? , i?') pro- 
vides important tests for various phenomenological mechanisms, such as vector meson dominance 
model (VDM) |^ two-gluon couplings to qq states [10], mixing of Tjc — Tj^'' [11], and final- 
state radiation by light quarks [^. 

For P = rj or rj', the ratio of Rj/^ = ^{J/y^ TV ) /-^{J/y^ 7V') can be predicted by first 
order of perturbation theory [^, and comparing to rj and rj' production in y' radiative decays, the 
same ratio can be defined and ~ Z?//,^ is expected [|l2|]. The decay i//^' — )• /tt" is suppressed 
because the photon can only be from final state radiation off one of the quarks. In Ref. [|l3|], the 
contribution from i/a' ^ 7* — ^ 771° is calculated and ^{y' — > JTl^) = 2.19 x 10"^ is obtained, which 
is compatible to the VDM contribution and does not contradict the upper hmit 5.0 x 10^^ (at 90% 



C.L.) reported by the CLEO Collaboration [12] 



The branching fractions are hsted in Table | [||]. We obtain R^/ = (1.10 ± 0.38 ± 0.07)%, 
which is the first measurement and is below the 90% C.L. upper bound determined by the CLEO 
Collaboration [|T2|]. The corresponding 17:77' production ratio at resonance was measured to 
be = (21.1 ±0.9)% [p2|]. 7?^/ is unexpectedly smaller than that at the resonance by an 
order of magnitude. Such a small value of R^,l poses a great challenge to our understanding of the 
decay properties of the charmonium states. 

6. Study of Xcj radiative decays into a vector meson 

J/Y and double radiative decays i//^ — ;> 7X — > yyV (p", ft), 0) provide a favorable place to 
extract information on the flavor content of the C-even resonance X and to study gluon hadroniza- 
tion dynamics. The recent CLEO experimental results [|T^ for ^{Xci — ^ 7P"» 7^t)> and 70) are 
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Mode 


BESIII 


Combined BESIII 


PDG 


i/ 77r° 


I.58±0.40±0.13 


1.58±0.40±0.13 


< 5 




I.78±0.72±0.17 
1.07 ±0.65 ±0.08 


1.38 ±0.48 ±0.09 


< 2 


1/ -> 7T|'(;r+:;r"T7) 
— > y77'(;r+n:"y) 


I20±5±8 
I29±3±8 


126±3±8 


121±8 



Table 1: Branching fractions (10 ^). The first errors are statistical and the second systematic. 



Mode 






Channel 


^(xlO"*") 


Channel 




Xm 


r<t> 


9.5±4.2±0.8 


Xco yp" 


<10.2 


Xc-l) r« 


<12.7 


Xci 


Y<t> 


25.8±5.2±2.0 


Xci rp" 


228±13±16 


Xci 


69.7±7.2±5.6 


Xc2^ 


Y(!> 


<8.0 


Xc2 Tp" 


<20.4 


Xci w 


<6.0 



Table 2: Results of XcJ jV. The upper limits are at the 90% C.L. 



an order of magnitude higher than the corresponding theoretical predictions [[T^. By including 
hadronic loop contributions, a recent perturbative Quantum ChromoDynamics (pQCD) calcula- 
tion [|l^] obtains results in agreement with the experimental measurements of ^{Xci — ^ 7^)- 

After the event selection criteria, we can see clear Xci signals in all decay modes, while XcO and 
Xc2 signals are insignificant. Each of the distributions is fitted with vector meson mass sideband 
background plus a 2nd order polynomial background and three Xcj resonances as the signal shapes. 
The measured branching fractions are summarized in Table ^. 

The longitudinal (transverse) polarization exhibits a cos^0 (sin^0) dependence [18], and the 
angular distribution is expressed as: ^ oc |Aipcos2©+i|Arp sin 0, where Al and At are 
the longitudinal and transverse polarization amplitudes, respectively, and is defined as the angle 
between the vector meson flight direction in the Xcj rest frame and either the /K^ direction in 
the p^/ ^ rest frame or the normal to the co decay plane in the co rest frame. 

By fitting the angular distributions, the values of the fraction of the transverse component 
are determined to be 0.29i|};j^lJJ:i^, 0.158 ± 0.034+°;^}^, and 0247^1^^7 -ami for ^ci ^ 7<P, 
Xci — ^ 7p"> and Xc\ — ^ 7^, respectively. Our measurement of the polarization of the vector mesons 
indicates that the longitudinal component is dominant in Xci — ^ jV decays, as expected for an 
axial- vector particle decaying into a vector (0, p", and co) and a 7 in the framework of the vector 
dominance model. 



7. Summary 

Using about 226 x 10^ J/y events and 106 x 10^ rj/ events, some recent preliminary results are 
shown here. They include the analysis of Dalitz plot of Tj' 7771+ tt^ decay, the direct measurement 
of a^(9S0) — /o(980) mixing, the observations of two new resonances, X(2120) and X(2370), in 
the TT+TT^Tj' invariant mass spectrum, the studies of i//' — 771", y' ~^ 7'7> and Xcj jV (V = 0, 
p°, (0). 

References 

[1] M. Abhkim et al. (BES Collaboration), Nucl. Instrum. Meth. A 614, 345 (2010). 



5 



Recent results from BESIII 



Chengping Shen 



[2] J. Z. Bai et al. (BES CoUaboration), Nucl. Instrum. Meth. A 458, 627 (2001). 

[3] J. Bijnens, Acta Phys. Slov. 56, 305 (2006). 

[4] S. D. Bass, Phys. Scripta T99, 96 (2002). 

L5J A. H. Fariborz and J. Schechter, Phys. Rev. D 60, 034002 (1999). 

[6] M. Ablikim et al. (BESlll Collaboration), arXiv: 1012.1 1 17. 

L7J K. Nakamura et al. (Particle Data Group), J. Phys. G 37, 075021 (2010). 

[8] J. J. Wu and B. S. Zou, Phys. Rev. D 78, 074017 (2008). 

[9] V. L. Chernyak and A. R. Zhitnitsky, Phys. Rep. 112, 173 (1984). 
[10] J. G. Korner et al, Nucl. Phys. B 229, 1 15 (1983). 
[11] K. T. Chao, Nucl. Phys. B 335, 101 (1990). 

[12] T. K. Pedlar et al. (CLEO Collaboration), Phys. Rev. D 79, 1 1 1 101 (2009). 

[13] J. L. Rosner, Phys. Rev D 79, 097301 (2009). 

[14] M. AbUkim etal. (BESIII Collaboration), arXiv:1011.0885. 

[15] J. V. Bennett etal. (CLEO Collaboration), Phys. Rev Lett 101, 151801 (2008). 

[16] Y. J. Gao, Y. J. Zhang, and K. T. Chao, Chin. Phys. Lett. 23, 2376 (2006). 

[17] D. Y. Chen, Y. B. Dong, and X. Liu, arXiv: 1005.0066. 

[18] S. Ishida et al, Phys. Rev D 40, 1497 (1989). 



6 



